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Abstract same aperture in order to maximize the number of anti-

rotons transferred. Just comparing envelopes and aper-

f ThehAP2 beamlme at Fermhllab transp;orts' ant"f]mtongures shows that the aperture in the line should be sufficient
romthe prpductlon targetto the Debgnc erring. The m??éee Fig. 2), although for years the measured acceptance of
sured admlttancg of the Debuncher ring and the theoretical, injected beam has been significantly smaller than the
aperture of the line are Iarge_r than the size of the trar_‘ﬁ'cceptance of the Debuncher. As the beam from the target
mh|tted be;am. Exter:zwe tracking dstud|esdwhere done USINGhs a very large beam size and nearly flat distribution, an
the Acce erator TOO, OXA(F,) to unc erstand the Sources Ofincrease in the transmitted beam size would translate into a
thg difference. As simulations pointed to chromatic efecty; 1o number of anti-protons stored, resulting in the pos-
being a source of problgms, measyrements were 9'0”85 ility to refill the Tevatron more often and therefore rtin i
study this. Several possible remedies were studied mclugt- a higher average luminosity

ing adding sextupoles to the line to reduce the chromatic

effects. 01 ‘
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After the production target the anti-protons are focuses -oos /\Nm l
by a lithium lens, which is not part of the studies presente” J|L| HEEREEERT A ‘
here, into theap2 line. TheAp2 line consists mainly ofa " 50 100 =0 200 250 300

FoDoO lattice and a left bend section with matching section

at the beginning and a vertical bending section at the er °*
to inject the beam into the Debuncher ring. The lattice i £ oo | ‘ \U\\/W‘ |

shown in Fig. 1. UNSNAUNAY
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Figure 2: Beam envelopes f@57m mmmrad emittances
and 4.5% full width energy spread based on thie
functions and dispersions shown in Fig. 1. Aperture restric
tions, where known, are indicated (rectangular apertures
are in red, circular ones in green and the star shaped cham-
bers are in blue (outer radius) and cyan (inner radius)). Be-
tatron and dispersion contributions are added linearlylas a
distributions are (to first order) flat.
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» Some initial studies have focused on identifying possible
S sources of the aperture restriction [1]. We are now present-
ing suggestions on increasing the transmission rates.

Figure 1: Lattice of the AP2 beamline.

The Debuncher will eventually have an acceptance of MEASUREMENTS
357 mmmrad after removal of some aperture restrictions. As chromatic effects were suspected, slicing measure-
It is therefore desirable that thep2 line has at least the ments were performed: A collimator in the bending sec-
g " by the Director. Office of Sci hE tion, where the dispersion dominates the transverse posi-
eray pfy ‘é‘:g; gf"‘ss_;‘gg;?{;em%f sne'r;e;ﬁr:’der ggn‘:raciggﬁcog_ tion of the particles, was used. The two jaws of the colli-
76SF00098 and DE-AC02-76CH03000. mator can be moved independently and can be moved all

tireichel@Ibl.gov the way across the beam pipe to the other jaw. This allows
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Figure 3: Results from slicing measurements. Figure 4: Trajectories and apertureg\p

the seIeonn of momentum slices. . ) pected that this, together with the large energy spreadeof th
_We did two measurements under slightly different conge,, ¢ouid lead to significant losses. Figure 5 shows that
ditions and with different slices. Each time we used aboyf,q onergy distribution is slightly depleted at the edges: S
five slices, in one case they were constrained to have abqif, yhe energy deviation of all particles to zero increases
the sarjne.aperture, and n the other case about the SANE transmission but still more than 15% of the particles
transmlssmn. The 'transr.nlssuon was measured by a NURSide 40r mmmrad are lost. This is partially due to the
ber of instruments including Schottky spectra. It was alan-energy mismatch and partially due to the aperture in
measured with and without bunch rotation. Figure 3.showme Debuncher being less théw mm mrad in the version

Thus, about 15% of the particles are lost despite having a
sufficiently small initial amplitude.
Tracking studies were also done with increased apertures

TRACKING STUDIES at the tightest places in tae@2line. Although the transmis-
ion right after the line was increased by about 10%, after

y turns in the Debuncher the transmission was exactly

e same as with the nominal apertures. We therefore con-
clude that increasing the aperture anywhere in the line will
not have an impact on the overall transmission.

In order to understand where particle losses might occ
a large number of tracking studies have been perform '
with MAD [2] and AT [3]. A set of particles corresponding
to the anti-proton distribution after the lithium lens was-c
ated withMARS [4]. The set contains 1429 particles which
are all inside the momentum acceptance of the Debuncher

(£2.25%) but some of the particles are outside the trans- SUGGESTED REMEDIES

verse acceptance (1082 particles are widtim mm mrad). We found two things that each increase the transmis-

The lattice used in the tracking for the line and the Deg;,, by about 5%: Matching the on-energy lattice func-

buncher corresponds to the one used in 2004. All knowg, < intq the Debuncher and adding sextupoles to decrease
apertures are included in the tracking. Figure 4 shows trb?‘nromatic effects

tracking results through the line. We find that 1070 parti-
cles of the sample reach the endaeb. .
The particles are then tracked through the Debuncher fﬁematChI ng
50 turns. As the bunch rotation takes only slightly longer Even the on-energy lattice functions are not very well
than that, a simple approximation of the momentum changeatched into the Debuncher. Simulations have shown that
was implemented as the energy spread of the beam shrirkbetter match increases the transmission by about 5%. Ide-
by almost a factor of ten during this time. After 50 turnsally one would like to measure the lattice functions at the
only 814 particles are left, i.e. only about 75% of the partiinjection pointin the Debuncher and then match the ones of
cles in the desired aperture. the line. This is difficult, as the strength of the quadrupole
One of the first things studied in more detail were thén the line is only known to about 1%. Creating linear
chromatic lattice functions, as they are fairly large in thd&nobs to change individual lattice functions is also diffi-
line and not matched well into the Debuncher. It was sugult, if not impossible.



have shown that these multipoles do not decrease the trans-
- mission of the line.
] Finding the optimal strength of the sextupole terms is
] tedious: Ideally one would like pairs of sextupoteapart
with equals-functions, one of them with and one without
T o dispersion. This way one could get the largest impact on
0 5 10 15 20 25 30 35 40 45 Z0 the chromatic functions and reduce the geometric effects

Axinmmmmrad o quced by the sextupoles. As this is not possible here,

5%.

< = ] S A " we choose quadrupoles that are roughlpart at least.
10 : E Usually we used eight sextupoles at a time. Just mini-
i mizing chromatic functions does not increase the transmis-
o B sion as the geometric effects decrease the transmission of
0 5 10 15 20 25 30 35 .40 45 50 on-energy, large amplitude particles. One therefore has to
A_y in Tmm mra . . . .
Y optimize the settings using tracking.
104 -— _ i Using the fitting algorithms provided byatLAB and op-
P RN timizing the number of transmitted particles, we have found
- T ] sextupole settings that increase the transmission by up to
Lo b bod b b b v v by
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CONCLUSION

We have found two solutions which each should increase
Figure 5: Particle distribution in normalized coordinategne anti-proton yield by about 5%. Rematching the lattice
after AP2 (green), ten turns (red) and fifty turns (blué)should be implemented first. This solution requires no ad-
using only particles with initial amplitudes smaller thangitional hardware and only some hours of beam time to
40 mmmrad. steer the beam. The rematching itself can be done parasiti-
cally to normal running.

We therefore tried a different approach: One quadru-d'zl‘fter that,l we suggest mplgmenftmg tge hallrdware to
pole strength at a time was varied to find the strengtRdd Sextupole terms to a number of quadrupole magnets.

where the transmission is highest. This was done with sidding the sextupole term should increase the transmis-
quadrupoles at the end of the line, including the three th&tON by another 5%.
are inside the vertical bending section.

In simulations, the transmission with the lattice 0btaineés‘(:knowI edgments
this way was equal to the one obtained with a matched lat- we would like to thank Christoph Steier for converting
tice. It was also found that not more than one or two iterahe |attice files intest and for implementing both a circular

tions are necessary. and a star-shaped collimatoram.
This method can be applied parasitically to normal run-
ning, but it requires the beam to be very well centered in REFERENCES

the quadrupoles to avoid steering (as this could more than _ _ _ _
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area there is no room at all for additional magnets. We
therefore considered powering the top coils of quadrupole
magnets differently than the bottom ones thus creating a
sextupole term. The dipole term created by this can be cor-
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and what higher multipoles are also present. Some higher
multipoles were indeed observed (maihky. Simulations



